Introduction
============

Exercise training is a major component of pulmonary rehabilitation (PR) allowing an enhancement of the ability to perform activities of daily life and quality of life in patients. An appropriate prescription of exercise during PR is important in ensuring the reduction of dyspnea and asthenia, and peripheral adaptations, especially improvement of muscular function in patients with chronic obstructive pulmonary disease (COPD).[@b1-copd-12-1483] In order to prescribe and individualize physical activities, the patient's exercise capacity needs, therefore, to be assessed. A variety of exercise tests are available for COPD, and chosen according to selected objectives.

The prescription of endurance exercise is composed of various parameters: frequency, intensity, duration, type (continuous or interval training) and modality (walking, cycling, stepping and so on). Currently, to prescribe and adjust personalized intensity of the exercise during a PR program, cardiopulmonary exercise testing (CPET)[@b2-copd-12-1483]--[@b4-copd-12-1483] is resorted to because of its usefulness in determining the mechanisms of exercise intolerance. Following the CPET, the physiologist use a workload based on a percentage of the peak workload[@b2-copd-12-1483]--[@b6-copd-12-1483] or on a percentage of maximal oxygen uptake observed (VO~2peak~).[@b2-copd-12-1483],[@b7-copd-12-1483] More conveniently, the heart rate (HR) can be used also to prescribe an intensity, as the HR at the ventilatory threshold (HR~VT~)[@b8-copd-12-1483] or a percentage of the peak HR.[@b9-copd-12-1483] The drawback of CPET is the need for trained physiologists to supervise exercise, expensive and specific equipment, and ultimately the HR~VT~ may be undetectable. Thus, despite the proven benefits of retraining in COPD patients, it is probable that, in some cases, the inability to perform a CPET is a barrier to the best prescription of exercise intensity.

Field tests are routinely used to evaluate the functional benefits following a PR program in patients with chronic lung disease,[@b10-copd-12-1483] such as the 6-minute walk test (6MWT)[@b11-copd-12-1483]--[@b14-copd-12-1483] or the incremental shuttle walking test.[@b15-copd-12-1483] In clinical practice, the 6-minute stepper test (6MST) has been recently proposed as a convenient method to evaluate exercise tolerance because the test can be easily implemented, is inexpensive and feasible to be performed at medical offices or patients' homes.[@b16-copd-12-1483]--[@b19-copd-12-1483] Finally, these tests can be performed in total safety. Despite their usability, field tests are missing in the practical recommendations for prescribing the intensity of retraining during PR.[@b2-copd-12-1483]--[@b4-copd-12-1483] Yet, in patients with chronic heart failure, different field tests are used as alternatives to aerobic exercise prescription.[@b20-copd-12-1483],[@b21-copd-12-1483] The HR measured at the end of 6MWT (6MWT~peak~), which is not different from that of the HR~VT~, may be used as reference intensity in patients with chronic heart failure.[@b20-copd-12-1483],[@b21-copd-12-1483] It would be interesting to find from the HR during the 6MWT and the 6MST a fast marker for medical doctors and patients to prescribe and adjust the intensity of retraining, in different medical offices or in patients' homes.

Previous studies showed that the HR is higher at the end of 6MST (6MST~peak~) compared with the 6MWT~peak~.[@b22-copd-12-1483],[@b23-copd-12-1483] This difference could be because of the mobilized muscle mass differences during both tests, resulting in a higher exercise intensity during the 6MST.[@b23-copd-12-1483] We hypothesized that, 1) the 6MWT~peak~ and the HR~VT~ are not significantly different; and 2) using a percentage of HR reserve to the 6MST, it is possible to derive an HR similar to the HR~VT~. Thus, the aim of this study is to compare the response of HR during two field tests to the HR~VT~ measured during a CPET in order to prescribe easily, at home or in medical offices, an individual intensity of exercise in a COPD population.

Material and methods
====================

Subjects
--------

This monocentric retrospective study included 50 patients with mild-to-severe COPD, managed by outpatient PR. The severity of COPD was evaluated by the Global Initiative for Chronic Obstructive Lung Disease stage (Stage I: mild, FEV~1~/FVC \<0.70 and FEV~1~ ≥80% predicted; Stage II: moderate, FEV~1~/FVC \<0.70 and 50% ≤ FEV~1~ \<80% predicted; Stage III: severe, FEV~1~/FVC \<0.70 and 30% ≤ FEV~1~ \<50% predicted; Stage IV: very severe, FEV~1~/FVC \<0.70 and FEV~1~ \<30% predicted or FEV~1~ \<50% predicted plus chronic respiratory failure).[@b24-copd-12-1483] All patients included in this study had pre-rehabilitation 6MWT, 6MST, and CPET assessment data available. The study protocol was approved by the Observational Research Protocol Evaluation Committee of the French Language Society of Pulmonology, France (CEPRO n° 2011--036). All the participants provided written informed consent to take part in this study. Inclusion criteria were: stable disease without exacerbation for at least 4 weeks, and no muscular, cardiovascular or neurological problems that limited the performance of a physical exercise. Patients on oxygen therapy were not included in the study. The characteristics of the patients are presented in [Table 1](#t1-copd-12-1483){ref-type="table"}.

Protocol
--------

Each patient completed a spirometry (Ergocard, Medisoft, Sorinnes, Belgium) followed by three assessments of aerobic fitness: a CPET on a cycle ergometer (Ergometrics 800, Ergoline, Bitz, Germany), a 6MWT and a 6MST. For safety reasons, the CPET was carried out first, to detect any cardiovascular abnormalities, thus removing contraindications to the exercise. Two to five days later, patients performed a 6MWT and 6MST, always in this order. A rest period between the two tests was established for at least 30 minutes to enable the return of the heart rate to the resting value.

Cardiopulmonary exercise testing
--------------------------------

CPET was performed according to an incremental protocol on a cycle ergometer (Ergometrics 800), with blood pressure and electrocardiographic monitoring (Medcard^®^; Medisoft, Dinant, Belgium), according to the usual guidelines.[@b25-copd-12-1483] The protocol included a 3-minute rest period, a 3-minute unloaded pedaling period, an incremental ramp exercise (10--15 W/min) pursued to a symptom-limited end point, and a 3-minute recovery time. Inspired and expired gases were collected by a mouthpiece connected to a gas analyzer. Gas exchange was measured breath-by-breath by a computerized system (Ergocard, Medisoft). The exercise was stopped when the subjects, in spite of verbal encouragement, were unable to maintain the imposed pedaling rhythm of 55--60 revolutions per minute. All CPET were limited by dyspnea, fatigue, or both. The oxygen saturation (SpO~2~) was measured using a portable oximeter (Nonin Oxymontre 3100; Nonin, Plymouth, MN, USA).

Determination of the HR at the ventilatory threshold (VT)
---------------------------------------------------------

At the end of the CPET, VT was determined by two blinded and independent investigators; VT was defined by an increase in the respiratory equivalent for oxygen with no increase in the respiratory equivalent for carbon dioxide.[@b26-copd-12-1483] The HR~VT~ was recorded.

Field tests
-----------

### The six-minute walk test

The 6MWT was performed over a rectangular distance of 70 m in the respiratory medicine department. With the exception of this point, the American Thoracic Society guidelines for 6MWT were followed.[@b27-copd-12-1483]

### The six-minute stepper test

The stepper (Go Sport, Grenoble, France) was placed on the ground facing a wall to allow patients to maintain their balance by placing their fingers on the wall.[@b18-copd-12-1483],[@b28-copd-12-1483] The step height was set at 20 cm. Patients received standardized instructions adapted from the 6MWT instructions,[@b29-copd-12-1483] advising them to make the greatest number of steps they could in 6 minutes.

For the two field tests, the protocol included a 3-minute rest period and a 6-minute walking or stepping period. During these periods, continuous monitoring of HR and SpO~2~ were recorded by a pulse oximeter (Nonin Oxymontre 3100).

No encouragement during these two tests was given; the only indication provided was the remaining time, every minute. The values of the HR of both tests during the last 3 minutes of exercise were averaged (6MWT~456~ and 6MST~456~). The peak HR at the end of exercise was noted (6MWT~peak~ and 6MST~peak~).

Calculation of the target HR at 60% of the heart rate reserve (HRr)
-------------------------------------------------------------------

The HRr was calculated as the HR at the sixth minute (HR~peak~) -- resting HR (HR~rest~). According to the formula of Karvonen et al,[@b30-copd-12-1483] 60% of HRr corresponds to the following equation: HRr~60%~ = (HR~peak~ − HR~rest~) \* 0.6+ HR~rest~. HR~rest~ was measured in a sitting position; HR~peak~ was the maximum HR measured at the end of the 6MWT and 6MST (6MWT~peak~ and 6MST~peak~).

Statistical analysis
--------------------

Data are reported by means ±95% confidence intervals (CIs). The normal distribution of the data was verified by the Kolmogorov-Smirnov test before the interpretation of the analysis of variance (ANOVA). To compare the evolution of HR at rest and at each minute of 6MWT and 6MST, we used an ANOVA on rank for repeated measures (time and test). When the ANOVA test was significant at *P*\<0.05, Tukey's post hoc test for multiple comparisons was applied. To compare the following variables with each other: 6MWT~peak~, 6MST~peak~, 6MWT~456~, 6MST~456~, HR~VT~, HRr~60%walk~, and HRr~60%step~, a one-way ANOVA for repeated measures was applied.

Pearson's correlation coefficient was used to evaluate correlations between the different heart rates of the various exercise tests performed by the patients (CPET, 6MWT, and 6MST). A linear regression was performed to analyze the independent correlations between the HR averages during the last 3 minutes of each test and the HR calculated at 60% HRr. A correlation \>0.90 was considered very high; between 0.70 and 0.89 as high; and between 0.50 and 0.69 as moderate.[@b31-copd-12-1483] The significance level was set at 5%.

Results
=======

The characteristics of the 50 COPD patients included in this study are presented in [Table 1](#t1-copd-12-1483){ref-type="table"}. The responses of the HR to the different evaluation tests are reported in [Table 2](#t2-copd-12-1483){ref-type="table"}. The HRs measured during the 6MST were significantly higher than those measured during the 6MWT ([Figure 1](#f1-copd-12-1483){ref-type="fig"}). However, the HRr~60%step~ was not significantly different from 6MWT~456~ and 6MWT~peak~ (*P*=0.51; *P*=0.48, respectively). In the same way, 6MWT~456~ and 6MWT~peak~ were significantly correlated with HRr~60%step~ (*r*=0.68, *P*\<0.001; *r*=0.62, *P*\<0.001, respectively, [Figure 2](#f2-copd-12-1483){ref-type="fig"}). The HRr~60%walk~ was significantly different from 6MWT~peak~, 6MWT~456~, 6MST~456~, and 6MST~peak~ (*P*=0.001).

Among the 50 patients, the VT could be determined in only 28 COPD patients. The HR~VT~ (106 beat.minute^−1^ CI 95% 80--134) was not significantly different from 6MWT~456~, 6MWT~peak~, and HRr~60%step~ (*P*=0.57, *P*=0.41, and *P*=0.88, respectively) but significantly different from HRr~60%walk~ (*P*=0.001). In these 28 COPD patients, the HR~VT~ was significantly correlated to 6MWT~456~, 6MWT~peak~, and HRr~60%step~ (*r*=0.45, *P*=0.02; *r*=0.40, *P*=0.03; *r*=0.48, *P*=0.02, respectively, [Figure 3](#f3-copd-12-1483){ref-type="fig"}).

Discussion
==========

The aim of our study was to compare the responses of HR during three exercise tests (6MWT, 6MST and CPET) and to compare these responses in order to prescribe an easily individualized target HR for endurance training. The main result of this study is that, from a field test of 6 minutes (6MWT or 6MST), it is possible to use heart rate, 6MWT~456~ and 6MWT~peak~, or HRr~60%step~, as a simple marker for the prescription of exercise intensity for an individualized endurance training in patients with COPD.

The review of Achten and Jeukendrup[@b32-copd-12-1483] has demonstrated the utility of using HR to individualize, at best, training intensity. HR is easily programmable, and COPD patients can use it immediately to adjust the workout intensity during complex exercises, such as interval training or walking outdoors on uneven terrain, with a HR monitor or other connected objects. Finally, data regarding the HR can be downloaded, which makes possible the analysis of training sessions in the absence of a professional on site.

Interest in using HR~VT~ as a training intensity marker has been demonstrated in the associated literature with cardio-respiratory and metabolic adaptations and exercise tolerance following an aerobic training program.[@b8-copd-12-1483],[@b33-copd-12-1483],[@b34-copd-12-1483] So, our results show no significant differences between the HR~VT~, the 6MWT~456~, and the 6MWT~peak~. Our results demonstrate that the 6MWT~456~ and 6MWT~peak~ can be prescribed as a target for personalized exercise intensity as demonstrated in previous studies in patients with heart failure.[@b20-copd-12-1483],[@b21-copd-12-1483] However, as previously mentioned, the walking test requires a corridor at least 30 m long, which may be limiting under certain conditions in medical offices and at home. Looking at the measured HRs on a stepper, our results showed a correlation between the HR~VT~ and the HRr~60%step~, indicating that the 6MST can be used to prescribe individualized exercise intensity. This result is interesting because of the fact that the major limitation to prescribe an individualized intensity at home or medical offices can be avoided. We expected a difference in measured HRs between stepper and walking tests because, in the literature, HR~peak~ is always higher for the stepper than for the walking test.[@b22-copd-12-1483],[@b23-copd-12-1483] This difference could be because of the mobilized muscle mass differences during both tests resulting in a higher exercise intensity during the 6MST.[@b23-copd-12-1483]

In the literature, there are numerous methods described that determine target HRs for endurance training. The intensity of exercise training can be defined by metabolic equivalent of task (METS), calculated as a percentage of VO~2max~, a percentage of VO~2~ reserve, or even as a percentage of the theoretical maximum HR.[@b35-copd-12-1483] The choice, in our study, to focus exclusively on the HR arises from the observation that this variable is easily specified by the clinician, understandable and observable for the patient, easy to measure (by HR sensor or pulse taken at the wrist), can be used in a variety of environments and during many forms of exercise (biking, walking, gardening), and easy and cheap to use when the patient is alone at the exit of the PR program. Thereby, Simmons et al[@b36-copd-12-1483] demonstrated the utility of using the HR as a marker for the intensity of the exercise.

Some methodological limitations of this study must be presented. The HR measurement is influenced by many factors. First, in our study, the HR was measured in laboratory conditions where the environment was controlled. However, away from this controlled environment, many factors such as wind, cold, or heat can influence the rhythm of the HRs. Second, there is a HR variability between the morning and the afternoon.[@b37-copd-12-1483] Finally, after several minutes of exercise' of mild-to-moderate intensity, there is a gradual decrease in stroke volume associated with an increase in HR; this instability is termed cardiac drift. Rowell [@b38-copd-12-1483] hypothesized that this drift is related to the combination of water loss and peripheral vasodilation induced by exercise. Thus, a 15% increase in HR during exercise can be noted. Keeping in mind these alterations, it is possible to give patients not a target HR, but rather a range bracket of HR during training. Most HR sensors are able to program training intensity to match the target HR ±5 beats per minute. This technique is proposed in daily practice to our COPD patients.

In conclusion, our results demonstrate that exercise training intensity can be individually prescribed from the HR measured during routine tests such as the 6MWT or 6MST. If the spatial conditions allow, the 6MWT~456~ and 6MWT~peak~ can be used as a target HR for the prescription of the intensity of exercise. When space is restricted, the 6MST can be used to prescribe the exercise training intensity using the HRr~60%step~.
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![Patterns of response in the heart rate during the 6MWT and 6MST in 50 COPD patients.\
**Notes:** Solid line, 6MWT; dotted line, 6MST. \*\**P*\<0.001 for inter-test differences determined by ANOVA followed by Tukey's post hoc test for multiple comparisons.\
**Abbreviations:** ANOVA, analysis of variance; 6MST, 6-minute stepper test; 6MWT, 6-minute walk test.](copd-12-1483Fig1){#f1-copd-12-1483}

![Correlations between heart rates noted at HRr~60%step~ and 6MWT~456~ (**A**), and 6MWT~peak~ (**B**) in 50 COPD patients.\
**Notes:** 6MWT~456~, averaged heart rate measured during the last 3 minutes of the 6MWT; 6MWT~peak~, peak heart rate measured at the end of the 6MWT; HRr~60%step~, (6MST~peak~ − 6MST~rest~) × 0.6+6MST~rest~.\
**Abbreviations:** HR, heart rate; 6MST, 6-minute stepper test; 6MWT, 6-minute walk test.](copd-12-1483Fig2){#f2-copd-12-1483}

![Correlations between HR noted at VT and (**A**) HRr~60%step~, (**B**) 6MWT~456~, and (**C**) 6MWT~peak~ in 28 COPD patients.\
**Notes:** HR at VT, HR noted at the ventilatory threshold; 6MWT~456~, averaged heart rate measured during the last 3 minutes of the 6MWT; 6MWT~peak~, heart rate measured at the end of the 6MWT; HRr~60%step~, (6MST~peak~ − 6MST~rest~) \* 0.6+6MST~rest~.\
**Abbreviations:** HR, heart rate; 6MST, 6-minute stepper test; 6MWT, 6-minute walk test; VT, ventilatory threshold.](copd-12-1483Fig3){#f3-copd-12-1483}

###### 

Characteristics of 50 patients with COPD

  Variable (unit)                                                          Mean ± SD
  ------------------------------------------------------------------------ -----------
  Sex (F/M)                                                                7/43
  Age (years)                                                              60.1±8.5
  BMI[a](#tfn2-copd-12-1483){ref-type="table-fn"} (kg/m^2^)                27.0±5.8
  Spirometry                                                               
    FEV~1~[b](#tfn3-copd-12-1483){ref-type="table-fn"}(L)                  1.8±0.6
    FEV~1~ %[\*](#tfn1-copd-12-1483){ref-type="table-fn"}                  56.9±19.6
    FVC[c](#tfn4-copd-12-1483){ref-type="table-fn"} (L)                    3.1±0.9
    FVC (%)[\*](#tfn1-copd-12-1483){ref-type="table-fn"}                   75.8±25.1
    FEV~1~/FVC (%)                                                         58±12
  Data at exercise                                                         
   VO~2~[d](#tfn5-copd-12-1483){ref-type="table-fn"} peak (mL/kg/minute)   15.2±4.6
   VO~2max~ predicted (%)                                                  59.6±35.2
   Maximal power (watts)                                                   94.5±33.1
   6-minute walk test (m)                                                  411±71
   6-minute stepper test (strokes)                                         526±125

**Notes:**

Expressed values in percentage of predicted values.

Body mass index;

Forced expiratory lung volume during the first second;

Forced vital capacity;

Oxygen consumption.

**Abbreviations:** BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV~1~, forced expiratory lung volume during the first second; FVC, forced vital capacity; F, female; M, male; SD, standard deviation; VO~2max~, expressed values in percentage of predicted values.

###### 

Heart rate measured in the two field exercise tests in 50 COPD patients

  Tests (unit)                                                          Mean (95% CI)
  --------------------------------------------------------------------- ---------------
  6MWT[a](#tfn8-copd-12-1483){ref-type="table-fn"} (beat.minute^−1^)    
   6MWT~456~[b](#tfn9-copd-12-1483){ref-type="table-fn"}                106 (86--126)
   6MWT~peak~[c](#tfn10-copd-12-1483){ref-type="table-fn"}              106 (85--127)
   HRr~60%walk~[d](#tfn11-copd-12-1483){ref-type="table-fn"}            99 (78--120)
  6MST[e](#tfn12-copd-12-1483){ref-type="table-fn"} (beat.minute^−1^)   
   6MST~456~[f](#tfn13-copd-12-1483){ref-type="table-fn"}               116 (84--149)
   6MST~peak~[g](#tfn14-copd-12-1483){ref-type="table-fn"}              118 (83--152)
   HRr~60%step~[h](#tfn15-copd-12-1483){ref-type="table-fn"}            108 (77--139)

**Notes:** Results are expressed as means, and 95% CI.

6MWT;

Averaged heart rate measured during the last 3 minutes of 6MWT;

Peak heart rate measured at the end of 6MWT;

(6MWT~peak~ − HR~rest~) × 0.6+ HR~rest~;

6MST;

Averaged heart rate measured during the last three minutes of 6MST

Peak heart rate measured at the end of 6MST;

(6MST~peak~ − HR~rest~) × 0.6+ HR~rest~.

**Abbreviations:** CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, heart rate; 6MST, 6-minute stepper test; 6MWT, 6-minute walk test.
